Objective: Patients with testicular cancer have decreased fertility prior to the diagnosis of cancer, although it is not clear whether the subfertility is the result of an emerging tumor, or whether subfertility and testicular cancer share causes. To test if they share causes, we assessed fertility among brothers of patients with testicular cancer. Methods: We compared 5,613 siblings (2,878 brothers) of patients with germ-cell testicular cancer, diagnosed in Sweden from 1960 to 2002, with 6,151 population controls (3,202 men). Using the Swedish Multi-Generation Register, we obtained information on the number of children born (until December 2003) from cases (n = 9,480) and controls (n = 10,739). Fertility was measured using two indicators, (a) offspring twinning rates, as dizygotic twinning is reduced by male subfertility, and (b) number of children. We used unconditional logistic regression, and analyzed brothers and sisters separately. Analyses on the number of children were restricted to subjects (39%) born prior to 1954, for whom information on reproductive life until age 50 was available. Results: Brothers, but not sisters, of patients with testicular cancer were less likely to have unlike-sex twins than controls (for unlike-sex twins, the odds ratio for the father being a sibling of testicular cancer patient was 0.53; 95% confidence interval, 0.26-1.09). The likelihood of being a brother of a patient with testicular cancer decreased monotonically with increasing number of children (P = 0.05), whereas no association was observed for the sisters. Conclusion: The decreased fertility found among brothers of patients with testicular cancer argues in favor of shared causes between cancer-associated subfertility and testicular cancer. Genetic links and shared environment could explain the association. (Cancer Epidemiol Biomarkers Prev 2005;14(11):2557 -62) 
Introduction
The incidence of germ-cell testicular cancer is increasing by f3% to 4% annually in many populations (1) . It has been proposed that this surge is part of an ongoing epidemic of a testicular dysgenesis syndrome that includes subfertility problems, cryptorchidism, and hypospadias as well (2, 3) , although descriptive data on time trends in male fertility and urogenital malformations are much less consistent than those of testicular cancer. There is, furthermore, no strong candidate environmental cause of the possible epidemic.
It has recently been established that patients with testicular cancer have decreased fertility prior to being diagnosed with cancer (4-6), although it is not clear whether the fertility problems are results of an emerging tumor, or if the subfertility and testicular cancer share causes, as would be the case in a testicular dysgenesis syndrome. Based on the notion of shared causes, we hypothesized that fertility may also be decreased among brothers of patients with testicular cancer. To test this hypothesis, we studied the number of children and twinning rates among brothers and sisters of patients with testicular cancer in a population-based case-control study. Fathering unlike-sex twins is, until the introduction of in vitro fertilization in the early 1990s, a possible measure of male fertility that is not affected by decisions about family size (7) . By investigating both brothers and sisters, we were able to evaluate the effect of unmeasured socioeconomic factors on fertility. We assumed that if testicular cancer and cancerassociated male subfertility share environmental or genetic causes, then brothers, but not sisters, of patients with testicular cancer should have a decreased fertility.
Patients and Methods
In this case-control study, we used several Swedish population -based registers to identify study subjects and measure their degree of fertility. The study was approved by the local Ethics Committee at Karolinska Institutet (registration number 03-191).
Registry Descriptions. All Swedish residents alive from 1947 onwards have been assigned a 10-digit national registration number (date of birth plus a four-digit code containing information on sex and county of birth), which is a unique personal identifier, referred to in all medical records and official registries. Through the use of the national registration number, it is possible to unambiguously link information from several databases together.
Since 1958, all newly diagnosed malignant tumors in Sweden must be reported to the National Cancer Registry by the physician who makes the diagnosis as well as the pathologist or cytologist who confirms it (8) . All patients are entered in the Cancer Registry by use of their national registration number.
The Register of Population and Population Changes, kept by Statistics Sweden, contains the official Swedish population data (since 1960) in a computerized fashion (9) . All residents in Sweden alive at the end of each year are included. Since 1969, the Register also contains information on dates of emigration and/or immigration. Furthermore, the Register contains information from the Swedish Censuses, which include occupational and marital statuses. For children living with their parents, the censuses report the parental occupational status.
In 2000, Statistics Sweden started a linkage between several data sources from the national registration and created the Swedish Multi-Generation Register, which contains information on the parents of all individuals in Sweden born from 1932 onwards and surviving until 1961 (10) . Using this Register, it is thus possible to identify siblings and offspring of each index person through the parents. The completeness of the Register increases rapidly with increasing year of birth-for those born in 1935, 80% of the parents can be identified, and parent information is virtually complete for those born from 1945 onwards. Adoption or other nonbiological relations are flagged in the Register.
Identification of Cases and Controls and Data Collection. We identified testicular cancer index patients (International Classification of Diseases-7 code: 178) diagnosed from January 1960 to December 2002 from the Swedish Cancer Register. For each testicular cancer index patient, we identified a male index population subject through the Swedish Register of Population and Population Changes, frequency-matched on year of birth in 10-year intervals, and county. The Cancer Register allowed us to verify that the index population subjects were not diagnosed with testicular cancer before the date of diagnosis of the corresponding index testicular cancer patient. In order to select a homogeneous group of testicular cancers, we restricted the index subjects to individuals born after 1940 and aged 15 to 54 years at identification. Moreover, the testicular cancer index patients were restricted to individuals with a germ-cell cancer. Testicular cancer index patients and population subjects who migrated during followup were excluded to minimize underascertainment of cancer occurrence (Fig. 1 ).
Using the Swedish Multi-Generation Register, we identified all brothers and sisters (born from 1932 to 1987) of the testicular cancer index patients and population subjects. These siblings are the actual cases (siblings of patients with testicular cancer) and controls (siblings of the population subjects) of the study (Fig. 1 ). Nonbiological and half-siblings were excluded.
We identified the children of the brothers and sisters of patients with testicular cancer and controls that were fathered/ given birth to until the age of 50 years, using data from the Multi-Generation Register up to December 2003. Among the children, twins were identified as siblings born in the same 3-day period. Brothers and sisters of patients with testicular cancer and population subjects who emigrated or immigrated during follow-up were excluded to minimize underascertainment of children. We also excluded subjects who received a diagnosis of testicular cancer (Fig. 1) .
Because occupational status varies over lifetime, census data obtained at ages 35 to 45 years were used whenever available. Otherwise, we used census data obtained at ages 46 to 50 years or 25 to 34 years, in that order. This occurred for 3.6% of the siblings of testicular cancer patients and 2.7% of the controls born prior to 1954, which were thus followed-up until the age of 50.
Statistical Analyses. We carried out all analyses stratifying by sex to investigate brothers and sisters of testicular cancer, separately. Twinning rates and number of children were used as two independent indicators of fertility. All analyses were carried out using SAS statistical software, version 8.2 (SAS Institute, Inc., Cary, NC). To evaluate twinning rates, we estimated the odds ratio (OR) and 95% confidence interval (CI) for same-sex and unlike-sex twin birth, according to the case-control status of the parent, using unconditional logistic regression (11) . Models included year of birth (continuous variable), parental age (continuous variable), and birth order (three categories, 1, 2, and 3+). Unlike-sex twins were excluded from the analysis of same-sex twins and vice versa. Because in vitro fertilization started influencing twinning rates in Sweden significantly in the 1990s (12), we did further analyses stratifying by year of birth of offspring using 1990 as the threshold.
We estimated ORs and 95% CIs of being a sibling of a testicular cancer patient for the cumulative number of children born until age 50 years. We used unconditional logistic regression models (11) . Variables evaluated as potential confounders and kept in the final models were cohort of birth, sibship size, socioeconomic status, place of birth, and marital status. The demographic variables were categorized as in Table 1 . Marital status, which had virtually no missing values, was included as a dichotomous variable for having never been married according to all censuses carried out during the study period. Socioeconomic status was classified into three categories according to occupation: (a) non-manual workers, (b) manual workers, and (c) ''others,'' which included occupational categories, such as pensioner, home-worker, student, part-time worker, unemployed, as well as missing values (1.6% of the siblings of patients with testicular cancer and 1.0% of the controls born prior to 1954).
Although our study subjects were siblings sampled from the same families, the SE estimates did not change when we carried out analyses taking into account the family clustering. Therefore, we present results obtained using a standard logistic regression approach.
Results
We identified 5,613 siblings (2,878 brothers and 2,735 sisters) of patients with testicular cancer and 6,151 controls (3,202 men and 2,949 women; Table 1 ). As expected from the testicular cancer epidemiology, siblings had a smaller sibship size (13) .
During the study period, and until 50 years of age, the siblings had 9,480 children, whereas controls had 10,739 children. Overall, there were 229 multiple deliveries including two triplets among controls' children.
Twinning Rates. Brothers of patients with testicular cancer were less likely to father opposite-sex twins than controls (for 2559 unlike-sex twins, OR for the father being a sibling of testicular cancer patient was 0.53; 95% CI, 0.26-1.09), whereas there were no differences in the same-sex twinning rates ( Table 2 ). Among women, both unlike-sex and opposite-sex twinning rates were similar between the children of the sisters of patients with testicular cancer and controls' offspring. Stratification by year of birth, either among men or among women, did not modify the OR estimates.
Number of Children. Analyses on number of children were restricted to the 2,061 siblings of patients with testicular cancer and 2,538 controls born prior to 1954, and alive at age 50 years, for whom information on virtually the whole reproductive life was available. The likelihood of being a brother of a patient with testicular cancer decreased monotonically with increasing number of children fathered (P = 0.05), whereas no such association was observed for the sisters of patients with testicular cancer (Table 3) .
To disentangle between genes and shared early environment as an explanation for the decreased fertility among brothers of patients with testicular cancer, we carried out analyses stratifying by the age distance from the testicular cancer patient (index subject for controls). We found no clear effect of age distance (Table 4) . Table 4 also summarizes the results of analyses stratified by sibship size. Among men, the strength of the association between number of children fathered and being a brother of a patient with testicular cancer increased with increasing sibship size.
Discussion
We have found that fertility is impaired among brothers, but not sisters, of patients with testicular cancer, measuring fertility both as the number of children and as unlike-sex twinning rates. Although associations were of borderline statistical significance only, results of the different indicators of fertility were consistent.
We used nationwide high-quality registers to identify study subjects as well as to collect data, and bias is an unlikely explanation of the results. There is a survival-dependent underascertainment of parents in the Multi-Generation Register, but because we included only subjects for whom both parents could be identified, and because the mortality in the age group we were studying was very low, this potential problem is not a relevant issue in our study.
Whereas the lack of a direct measure of male fertility is the major weakness of this study, the use of two different indirect measures is a strength. The hypothesis that dizygotic twinning rate is a measure of sperm quality and male reproductive health has recently been supported by empirical evidence (14) . Among women, on the other hand, the level of follicle stimulating hormones-determined by genetic, individual, or environmental factors-plays a central role in causing double ovulation (15) . We identified dizygotic twins through unlikesex twins, which introduced an underestimation of the dizygotic twinning rates. Overall twinning rates were slightly >1%, which is consistent with Swedish population data (16) . Thus, although our study is nationwide, the absolute number of twins is low, resulting in low statistical power to detect associations.
For some reason, we find the data altogether persuasive of an actually decreased fertility among brothers of men with testicular cancer. First, unlike-sex twinning is unaffected by social status, and we were able to adjust for birth order and maternal age (paternal age was used as a proxy of maternal age), which are the two most important known predictors of dizygotic twinning. We found a nonsignificantly decreased rate of unlike-sex twinning. Second, the association of number of children with being a brother of a patient with testicular cancer had a regular trend, although number of children is influenced more by social factors other than twinning. Third, had the association with number of children been explained by differences in social factors, we would likely have seen a similar association among sisters. The fact that the association with decreased number of children was stronger among men coming from large sibships-a category that would be expected to have higher fecundity-is somewhat of further support to decreased fertility being a true finding.
It has recently been established that the fertility of patients with testicular cancer is impaired prior to the diagnosis of testicular cancer. Case-control studies with questionnairebased information on past fertility have, in general, found an association (5, (17) (18) (19) , although there are exceptions (20, 21) . Three register-based studies conducted in Scandinavian countries found a decreased fertility among testicular cancer cases, already evident ten years before diagnosis (6, 22, 23) . A cohort study conducted among men who received a semen analysis for fertility problems found an overall excess risk for testicular cancer of 60% (95% CI, 30-90%), which was 80% in the first 2 years after the first semen analysis, but was 30% >11 years following it (4) . Although the association is established, the direction of causality between cancer and subfertility is not yet clear, because an early undetected tumor may affect testicular function. The results of the present study implicate that fertility problems prior to diagnosis are not just a sign of an emerging tumor, providing arguments in favor of shared causes between subfertility and testicular cancer. This also gives some support to the notion of a testicular dysgenesis syndrome. However, apart from direct evidence from studies of the contralateral testis of patients with testicular cancer (24) , there are still several assumptions implicit in the notion that need to be substantiated to conclude that it really exists. For instance, there is no established association between hypospadias and testicular cancer.
If the association between fraternal testicular cancer and decreased fertility will be confirmed, it would be of interest to understand whether it is explained by a genetic link or by shared environment. We aimed to address this question by stratifying the analysis by age distance to the brother affected with testicular cancer, assuming that if shared early environment were the explanation, the fertility among those born shortly before or after the affected brother could be more influenced. The underlying assumption is that if the relevant exposures change over time, siblings born within a short period of time are more likely to be similarly exposed. We found no heterogeneity between age-distance strata, and because this is no sensitive way of disentangling between genes and the environment, no conclusion can be drawn from the lack of association.
Although there are no studies similar to this, there is some indirect support for our results in the literature. In the countries around the Baltic Sea, where testicular cancer incidence varies markedly, there are studies reporting parallel descriptive patterns with respect to semen variables (25, 26) . Moreover, testicular cancer (27) (28) (29) (30) and subfertility (31, 32) both have familial components, with indications of a recessive mode of inheritance. Studies conducted both in Sweden (29) and in other populations (27, 33) have found increased risks of testicular cancer of 2-to 4-fold among testicular cancer patients' father/son, and by 8-to 10-fold among patients' brothers. Little is known about possible susceptibility genes. Among the few positive findings, the locus Xq27 has been identified in a study of several families with at least two testicular cancer patients (34) . The role of the Y chromosome, which is directly involved in spermatogenesis and male fertility, in sporadic testicular cancers is currently being investigated (35, 36) .
In summary, we report decreased fertility among brothers of patients with testicular cancer. The finding argues in favor of shared causes between cancer-associated subfertility and testicular cancer, and give some support to the notion of a testicular dysgenesis syndrome, but it remains to be elucidated whether these causes are genetic or environmental.
